INTRODUCTION {#sec1-1}
============

Testicular cancer (TC) is the most common and treatable cancer affecting men of reproductive age. It accounts for 1% of all cancers in men, but 60% of all cancers in young males 15--35 years of age.[@ref1] Successful treatment approaches have resulted in longer life expectancy of TC survivors.[@ref2] Over the last several decades, survival rates for TC have steadily increased with a 10-year survival rate over 95%.[@ref3] Since many young patients have not yet attempted to conceive at diagnosis, fertility is certainly a main concern of survivors after treatment.

The most frequently used treatment for TC is a combination of orchiectomy (surgical removal of the affected testis), and either radiotherapy or platinum-based chemotherapy. Chemotherapeutic regimens including alkylating agents and radiation treatments directed to the gonads are particularly gonadotoxic.[@ref4] Negative side effects of treatment include impaired spermatogenesis, resulting in azoospermia or oligozoospermia.[@ref5] Additionally, DNA damage in sperm is significantly higher in posttreatment TC patients compared to that of normal volunteers.[@ref6]

In many TC patients, sperm quality is already abnormal and may even lack viable spermatozoa at the time of diagnosis.[@ref7] Cytotoxic therapy influences spermatogenesis at least temporarily and in some cases permanently, and the degree of spermatogenesis impairment depends on the combination of drugs used and the cumulative dose.[@ref8] Alkylating agents, such as cyclophosphamide and procarbazine, are the most detrimental to germ cells.[@ref9] Radiation therapy, especially whole-body irradiation, is also associated with the risk of permanent sterility.[@ref10]

Since spermatozoa may carry damaged DNA even long after treatment has finished, the concern remains that cancer survivors may transmit a defective genome to their offspring.[@ref11] Prior studies assessing fertility after TC treatment have reported some impairment, but few have reported fertility preservation and its use or TC posttreatment follow-up of patients' offspring. Most studies have evaluated European and American populations, but there is a lack of published data regarding fertility of TC patients among the Chinese population. As TC varies in its incidence among different ethnic groups, fertility in Asian populations may vary due to factors concerning culture and treatment modalities; the health of children born after TC treatment has not been comprehensively addressed. Thus, the aim of the present study was to explore fertility status, strategies of fertility preservation and the general health of biological children of TC survivors after cancer therapies in a Chinese population.

PATIENTS AND METHODS {#sec1-2}
====================
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### Study population {#sec3-1}

This was a retrospective study of patients treated for TC in the Department of Urology, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University with approval from the hospital ethics committee. Between January 1996 and December 2010, 149 unilateral TC patients were referred to our department for treatment. Exclusion criteria included mental retardation, age younger than 18 years or older than 60 years and recurrent cancer in the other testicle. There were totally 125 qualified patients who participated in the survey, consisting of a mailed questionnaire and telephone follow-up. The patients' information and treatment history were traced from the hospital case notes. General data such as age, marital and fertile status were reviewed. The clinical pathologic information such as tumor size, histopathologic diagnosis, stage of cancer and treatment details were obtained.

### Cancer therapy groups {#sec3-2}

The subjects were stratified into four groups for analysis, according to the type of treatment received: (i) surgery only, including radical orchiectomy, orchidectomy, partial orchiectomy and radical orchiectomy combined with retroperitoneal lymph node dissection; (ii) surgery combined with chemotherapy only; (iii) surgery combined with radiotherapy; (iv) surgery combined with chemotherapy and radiotherapy. The distribution of these groups is as the following: the number of patients of seminoma is 49.6% (58/117), lymphoma 12.0% (14/117), Leydig cell tumor 7.7% (9/117), dysembryoma 6.8% (8/117), mixed germ cell tumors 6.0% (7/117), embryoma 5.1% (6/117), dermoid cyst 3.4% (4/117), liposarcoma 2.6%(3/117), adenomatoid tumor 2.6% (3/117), leiomyoma1 0.7% (2/117), papillary stromal tumor 1.7% (2/117) and yolk sac tumor 0.9% (1/117).

### Data collection questionnaire {#sec3-3}

In December 2011, participants with available contact information were mailed a standard, self-administered questionnaire to assess fertility ([**Table 1**](#T1){ref-type="table"}). A total of 125 letters were distributed with a completed questionnaire response rate of 74.4% (93/125). The remaining 32 patients were followed-up with a telephone interview, which was consistent with the questionnaire. The questionnaire was broken down into four parts concerning fertility pre- or posttreatment. In part one, respondents were asked if they had tried to conceive, whether they were successful in conception and if they had any children pre-treatment. In part two, participants were asked if they had difficulty conceiving, any known causes of infertility, semen parameters and the method of conception pre- or posttreatment. In part three, patients were asked to describe their knowledge of sperm banking, cryopreservation and its usage. In part four, patients answered questions concerning the health status of their offspring.

###### 

Content of the questionnaire on fertility status section
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### Characteristics and TC treatment of the study population {#sec3-4}

Of the 125 invited patients, medical records and follow up data were accessible and complete in 93.6% (117/125 participants). The median age at diagnosis was 36.3 ± 15.7 years (ranging from 18 to 54 years). The median interval between treatment and survey completion was 10.2 years (ranging from 1 to 15 years). Among 117 patients, 86 underwent radical orchiectomy (remove a testicle and the full spermatic cord through an incision in the inguinal region), 23 underwent orchiectomy (remove testis only) and eight patients had organ-preserving orchiectomy with indications of asymptomatic, non-palpable, small-volume masses (maximum size of the lesion is \<2 cm). After orchiectomy, 11 participants underwent radical orchiectomy combined with retroperitoneal lymph node dissection. Thirty-five patients had postoperative chemotherapy of cisplatin-based standard chemotherapy regimens, consisting mainly of two to four cycles of cisplatin, bleomycin or etoposide. Twenty-eight patients had radiotherapy (para-aortic and ipsilateral iliac irradiation of 25--35 Gy), and seven received combined radiochemotherapy. The demographic information, pre- and posttreatment semen parameter and fertility outcomes available for each treatment group were summarized in [**Table 2**](#T2){ref-type="table"}.

###### 

Demographic and fertility characteristics of different treatment group
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### Conception rates and health of offspring {#sec3-5}

Of the 117 assessable patients, 69 of 81 married men reported that they had attempted to conceive before diagnosis, and 30.4% (21/69) had succeeded in fathering children. Of the men who had not conceived, 31.2% patients (15/48) reported oligoasthenozoospermia and 12.5% (6/48) reported azoospermia according to their semen analysis reports. After treatment, 73 patients tried to conceive and 35 were successful. Among men who successfully conceived, 21.9% (16/73) conceived naturally and 26.0% (19/73) achieved conception by assisted reproductive techniques (ART) either through *in vitro* fertilization or intracytoplasmic sperm injection treatment using fresh semen (11/19) or through the use of cryopreserved semen (8/19). Successful post-diagnosis conception resulted in 37 healthy babies and four abortions during the first trimester of pregnancy. Among the four abortions, three cases were unexplained early spontaneous abortions and one case was induced abortion due to early embryo development ceasing. No congenital malformations or childhood malignancies were found among babies born posttreatment in the cohort.

### Semen cryopreservation {#sec3-6}

Of all 96 patients who did not conceive a child before treatment, 21.9% (21/96) banked their semen. Of that subgroup, 23.8% (5/21) chose to cryostore their semen samples prior to all treatment for ART treatment because of the increased risk of posttreatment oligoasthenozoospermia or azoospermia from high-dose chemotherapy or radiotherapy. The other 16 men banked their semen during the interval between the surgery and chemotherapy or radiotherapy. The mean semen concentration pre-freeze was 11.2 × 10^6^ ml^−1^ (range from 3.5 to 46.2 × 10^6^ ml^−1^) and mean progressive motility rate was 23.7% (range from 9.5% to 52.3%) according to the data of Shanghai Human Sperm Bank. All of the above patients who banked their semen followed the instructions of a medical professional. The failure to bank sperm from participants was attributed to: (i) the lack of available information given to patients regarding sperm banking or (ii) the semen quality pre- or post-freeze. If semen quality was poor and no motile sperm were detected, then cryopreservation was deemed unnecessary ([**Figure 1**](#F1){ref-type="fig"}).
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### Negative effects of TC treatment on spermatogenesis {#sec3-7}

Since TC is the most common cancer affecting men of reproductive age and has a high cure rate of over 90%, fertility is one of the main concerns of survivors. TC therapy can result in subfertility or sterility due to gonad removal or permanent damage to germ cells from adjuvant therapy. Spermatogenesis damage after TC treatment largely depends on the type of therapy and gonadal function pretreatment. In our study, only 21.9% of couples who attempted pregnancy after TC treatment were successful. The results were similar to a Norwegian population-based study that observed a 30% decrease in fertility in TC survivors compared with the fertility of the normal population.[@ref12] In this study, some patients presented with poor semen quality even before TC treatment. Colpi *et al*.[@ref13] also reported that only 37% of men with TC presented with normal semen characteristics, based on WHO criteria. The lowest fertility rates have been observed among TC patients who were treated with chemotherapy followed by radical orchiectomy and retroperitoneal lymph node dissection. Retroperitoneal lymph node dissection in men with TC can cause infertility due to ejaculatory dysfunction resulting from the pelvic plexus.[@ref14]

Patients may also be rendered oligospermic or azoospermic due to gonadotoxic agents, which directly damage proliferating cells. Indeed, early differentiating sperm cells are exquisitely sensitive to these agents. Cytostatic chemotherapy, which targets cells outside the G0 phase, mainly destroys rapidly proliferating spermatogonias. Alkylating agents, including cisplatin, are widely used for TC and increase the risk of azoospermia. A linear relationship has been reported between increasing cumulative alkylating agent dosage and the inability to conceive.[@ref13] Furthermore, sperm concentration and motility were dramatically decreased in TC patients 6--18 months after chemotherapy compared to community volunteers. Significant sperm DNA damage and low DNA compaction remained as long as 24 months posttreatment.[@ref15]

Radiation therapy negatively affects spermatogenesis, either transiently or permanently by directly inducing DNA damage.[@ref16] The germinal epithelia of the testis are very sensitive to the detrimental effects of radiotherapy irrespective of the patient\'s pubertal status at the time of treatment. In most males, radiation doses as low as 0.1--1.2 Gy can impair spermatogenesis, with doses above 4 Gy causing permanent azoospermia.[@ref17] Very low fertility rates have been observed in patients who were treated with radiotherapy in the pelvic region. However, the deleterious effects of radiation therapy on gonadal function can vary based on total dosage, source of radiation, gonadal protection, scatter radiation and individual susceptibility.[@ref13]

### Sperm cryopreservation and its use {#sec3-8}

As radiation and chemotherapy can significantly compromise the DNA integrity and quality of sperm after treatment,[@ref18] semen cryopreservation before treatment should be recommended for most patients.[@ref19] However, TC itself may influence spermatogenesis as 43.8% (21/48) of patients in this study reported oligozoospermia or azoospermia prior to treatment. In this study, only 21.9% of TC patients having no children before treatment cryopreserved semen samples over the past 15 years, indicating that only a minority of patients asked for sperm banking.

The huge discrepancy between the number of patients with TC who choose to use sperm banking and those who do not may lie in the following reasons: (i) lower level of awareness by the medical team or the patient in regards to the need to bank sperm or a general knowledge of ART, (ii) limited time between diagnosis and treatment, as treatment is usually initiated as soon as possible and (iii) poor semen quality leading to immotile sperm after cryopreservation, or failure of ejaculation due to high levels of anxiety or weakness. Based on the questionnaire and survey results of this study, a lack of awareness seems to be the driving reason for poor participation in sperm banking.

Awareness of established fertility preservation techniques and assisted reproductive technologies is essential to ensure appropriate counseling of young cancer patients who wish to choose biological parenthood in the future. In this study, the use rate of cryopreserved sperm was higher than in other reports (21.9% *vs* \< 10%, respectively).[@ref20] These low rates of banked sperm may be explained by either the decision by patients to stop having more children or fertility recovery. As fertility was recovered in some patients, a fresh semen sample may be preferred over cryopreserved semen samples to reduce poor post-thaw semen quality when necessary for use in ART.

Cryopreserved sperm may be used for intrauterine insemination and/or *in vitro* fertilization with intracytoplasmic sperm injection, although the freeze-thawing process used for cryopreservation can cause damage, resulting in impaired sperm motility. Indeed, successful cryopreservation of sperm employed in intrauterine insemination that results in pregnancy remains very low.[@ref21] With advances in ART, particularly intracytoplasmic sperm injection, the problems of low sperm numbers and poor motility may be circumvented.[@ref22] For example, if the patient is sufficiently mature both physically and emotionally, production of semen by masturbation is feasible in most cases and alternative methods, such as electroejaculation or penile vibration under anesthesia, may also be considered in patients having difficulty producing semen by masturbation.

### Recovery of spermatogenesis following cancer treatment {#sec3-9}

Many men are rendered azoospermic following radiation or chemotherapy for TC. However, after completion of chemotherapy, partial recovery of spermatogenesis may occur within 2 years and may continue to improve thereafter.[@ref23][@ref24] The timing of the recovery and the sperm quality is often variable. A number of factors, including treatment regimen, pretreatment fertility potential and type of TC may influence the recovery time and sperm quality.[@ref25] Among TC survivors, some are successful in achieving biological conception, although many have more difficulty compared to the general population or those in active surveillance.[@ref26] The mean time from TC diagnosis to the birth of the first child posttreatment is about 7 years, from 5% to 22% of couples attempting to conceive with ART.[@ref27]

### Birth defects of offspring born post-treatment {#sec3-10}

A concern of many cancer patients is whether offspring exposed to cytotoxic agents or radiotherapy have an increased risk of birth defects. There is no data to suggest that children born to TC patients post-chemotherapy have an increased risk.[@ref28] Previous research has shown a decrease in the number and motility of sperm and an increase in abnormal sperm morphology after treatment.[@ref29][@ref30] Reports on the chromatin quality of surviving sperm are conflicting.[@ref31][@ref32] Animal studies indicate that the coadministration of bleomycin, etoposide and *cis*-platinum in the rat resulted in elevated early postnatal mortality among progeny sired by males exposed to BEP (bleomycin, etoposide and cisplatin).[@ref33] Increased frequency of sperm aneuploidy has also been reported after the initiation of chemotherapy and may persist up to 18 months or longer.[@ref11] Thus, the impact of treatment on progeny safety has become increasingly important. An assessment of sperm DNA integrity in cancer patients before and after treatment showed that the DNA fragmentation index decreased significantly following various anti-cancer treatments.[@ref34] While the clinical impact of such effects in humans is still under investigation, men are advised to wait 12--24 months after the completion of therapy before pursuing fertility treatments.

CONCLUSIONS {#sec1-5}
===========

The results of this study have clinical implications. First, chemotherapy, radiotherapy, orchiectomy and cancer itself all have negative effects on spermatogenesis. Among them, high-dose chemotherapy and radiotherapy may result in a permanent decrease in spermatogenesis. Therefore, it is crucial to offer sperm preservation prior to the start of therapy in men diagnosed with TC. The results of this study indicate that conception was possible for 48% (35/73) of men after TC treatment using natural and artificial means even with limitations in semen quality or quantity, and no birth defects or childhood malignancies were reported. Only 21.6% of men surveyed chose to use sperm banking prior to TC therapy, perhaps reflecting a need to educate both TC patients and medical practitioners about sperm cryopreservation.
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